Monitoring the nervous system: it's time to up our game
If asked what are the three most important organ systems in relation to the practice of anaesthesia, most clinicians would answer the cardiovascular system, the respiratory system and the nervous system. Indeed, a glance at the anaesthetic monitor in any operating theatre would reinforce such a view, at least with respect to cardiovascular and respiratory monitoring. For example, anaesthetists routinely and expertly monitor electrocardiography, haemodynamic parameters, and gas exchange; and anaesthetists are increasingly proficient at more advanced techniques such as echocardiography. But what of the nervous system? To monitor the hypnotic component of general anaesthesia, most practitioners rely on a surrogate such as end-tidal agent concentration, or a proprietary black box that condenses information from the electroencephalogram (EEG) into a single number. This is almost the limit of neurologic monitoring for many anaesthetists. So why are we, as practitioners of temporary neuromodulation, limited to relatively crude neuromonitoring techniques, and is it time for anaesthetists to expand their role in this domain?
With respect to monitoring the effect of general anaesthetic agents on the central nervous system, commercial systems are now widely available which generate an index derived from a frontal EEG. With minimal training, any anaesthetist can reliably apply these monitors and use the derived index to guide doses of anaesthetic agents. However, these monitors have their limitations, some of which can be overcome by the anaesthetist directly inspecting the raw EEG 1 , yet most anaesthetists do not consider themselves able to interpret the EEG waveform. Arguably, this relates back to our training. How many of us were taught in medical school, or as a trainee, to interpret an EEG? Technological advances have made the recording and presentation of EEG much more readily available but our practical knowledge of its application is lagging behind and this continues to be the case for our current cohort of trainees.
With respect to monitoring specific structures within the central and peripheral nervous systems, the situation is rather more complicated. Because the nervous system is composed of many anatomically diverse subsystems, multiple techniques are required to assess its various components, including: EEG to assess cortical function; electromyography (EMG) to assess motor nerves and neuromuscular function; and evoked potential monitoring to assess motor, somatosensory, visual and auditory pathways. By selecting and combining these techniques, real-time assessments of the function of multiple neural pathways can be performed.
Permanent neurological complications of surgery and anaesthesia are rare. However, some operations carry a recognised risk of neurologic injury and the consequences of such injuries can be devastating. Intraoperative neurophysiologic monitoring (IONM) can help avert avoidable harm by alerting the operative team to changes in function before permanent neurological injury occurs. Most currently used modalities of IONM were first described many decades ago but, with the exception of some of the simpler techniques, routine use has traditionally been confined to a few centres with a particular interest. Over recent years there has been increasing uptake of a wider range of IONM techniques, aided by the availability of more user-friendly commercial monitoring systems. Evidence of increasing interest in IONM can be seen in a doubling over the past four years of articles in the Pubmed database matching the term "intraoperative neuromonitoring". Also, a number of textbooks describing the techniques of IONM have been published over recent years, some of which are specifically intended for anaesthetists; two examples are referenced below 2, 3 . With good evidence supporting efficacy 4 , demand for IONM services in neurosurgical, spinal, major vascular and head and neck cases has markedly increased and demand currently outstrips supply globally.
Much of the early growth in the field of IONM occurred in the USA and Japan and, particularly in the USA, there is now a well-established network of professional societies, education programs, and two national accreditation bodies providing credentialling and certification. This infrastructure supports a large and rapidly growing IONM workforce with extensive coverage. By comparison, provision of IONM in Australia and New Zealand occurs in a relative regulatory vacuum. There is no recognised certification for providers of neurophysiologic testing, either for diagnostic testing or for intraoperative monitoring. Practitioners performing diagnostic neurophysiologic testing in neurology practices are under the supervision of a physician. They typically have a health sciences background and receive predominantly (if not exclusively) on-the-job training.
In Australian and New Zealand operating theatres, various models currently exist for provision of IONM. There are commercial providers supplying equipment and personnel on a case-by-case basis. Alternatively, some larger hospitals with neurophysiologists or EEG technicians have trained their in-house personnel to perform IONM.
Reliably performing IONM requires setting up complicated monitoring devices, adapting monitoring protocols to suit specific patients and procedures, and critically interpreting test results in the context of physiological, pharmacological and surgical considerations, as well as engaging in effective communication with the proceduralist. We find it concerning that, under the current models of IONM in our region, there is potential for practitioners with minimal medical background and only on-the-job training to provide a service which can critically impact patient outcomes.
Another model for the provision of IONM services which, in our opinion, has many advantages, is for anaesthetists to perform IONM while simultaneously providing anaesthetic care. In this issue of Anaesthesia and Intensive Care, Olesnicky et al describe their experience establishing such a service 5 . We are aware of an increasing number of anaesthetists in Australia providing IONM, mainly located in larger hospitals, both public and private, in Sydney and Melbourne. Proponents of this model argue that anaesthetists can use their medical expertise to tailor IONM to the specific needs of the patient while modifying anaesthetic techniques as appropriate to optimise monitoring. Other benefits for the operative team include enhanced teamwork and more engagement of the anaesthetist with the surgical procedure. From the perspective of cost and availability, there are obvious advantages if the anaesthetist can provide this service, obviating the need to arrange for other providers.
Critics of the anaesthetist-led IONM model could argue that anaesthesia and IONM both require the undivided attention of the practitioner and are, as such, mutually exclusive. However, in our experience provision of IONM services is a natural extension of the physiologic monitoring that is the backbone of modern anaesthetic practice. This is analogous to the field of cardiac anaesthesia where it is now commonplace to integrate techniques such as complex echocardiography and point-of-care coagulation testing into routine anaesthetic practice. Fortunately, IONM is not usually relevant at times such as induction and emergence when the anaesthetist's attention is fully occupied by routine anaesthetic care. On the other hand, there are some major procedures where it is not appropriate for a single anaesthetist to attempt IONM along with routine care (e.g. spinal cord monitoring during open thoracoabdominal aortic surgery) but, in our experience, these situations are very much the exception.
So, who amongst us should learn to perform IONM? Given the complexity of some modalities and the need for regular experience to maintain skills, these are not techniques that every anaesthetist could be expected to adopt. However, anaesthetists who frequently care for patients having major peripheral nerve repair, intracranial neurosurgery, spinal surgery (particularly deformity correction), and major vascular surgery where spinal cord or cerebral perfusion is threatened, are well-placed to develop and maintain these skills. Furthermore, during head and neck surgery, EMG monitoring can be useful for preservation of the extracranial portions of cranial nerves. It is important to keep in mind that effective application of IONM requires partnership with a surgeon who recognises its role: there is little to be gained by monitoring if the surgeon does not wish to have their practice guided by the results.
Unfortunately, the old adage of "see one, do one, teach one" does not apply to the techniques of IONM. While it is relatively simple, for example, to monitor integrity of the facial nerve or recurrent laryngeal nerve using a dedicated system, the same cannot be said for long tract and multisynaptic pathway monitoring using a highly configurable multimodality system. Anaesthetists who have been performing IONM for several decades were largely self-taught, basing their practice on the published literature and informal interaction with colleagues. Formal educational opportunities were not previously available within our region. Central Queensland University and Charles Sturt University both offer relevant undergraduate units of study, which are not appropriate for postgraduate students. More recently, the University of Sydney has begun offering postgraduate studies in diagnostic and intraoperative neurophysiology. This course, which has few comparators globally, is taught by an international faculty and aimed at a broad group of students including neurophysiologists, technicians, and anaesthetists.
There are efforts underway in Australasia to ensure appropriate registration and credentialling of IONM practitioners. We believe there is a need for a national society that represents the interest of all neurophysiology practitioners, both diagnostic and intraoperative. Recently, an Australasian Association of Intraoperative Monitoring (www.aaimonline.com) was established to represent practitioners providing IONM services. However, full membership of this society is restricted to individuals who regularly provide stand-alone IONM services, which unfortunately excludes medical professionals who provide IONM services concurrent to their other duties.
Provision of IONM by the treating anaesthetist is satisfying, convenient and helps prevent neurologic morbidity. Where there is perceived clinical utility, our patients and their surgeons certainly appreciate the effort. We commend the systematic approach adopted by Olesnicky et al in establishing an anaesthetist-led IONM service and in documenting the results of their practice 5 . However, as more anaesthetists adopt these techniques in the future, we hope they will be able to avail themselves of more formalised training and accreditation. 
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